Abstract
Introduction
Ships at berth need electricity for routine operations such as communications, lighting, heating or cooling, ventilation, and using onboard devices. This electricity is produced generally from generators (auxiliary engines) by the combustion of marine fuels. Required electricity power depends on the ship's type, size, and berthing time. Especially the cruise ship needs a considerable amount of electricity at berth because of its hotel concept which suggest that all rooms in every deck should be heated or cooled immediately after each client's order. It means giant air conditioners always have to work. For this reason, cruise ships cause much emission than other ships while staying at the port. During the berthing period, the ship turns off the main engine but she has to sustain runing its auxiliary engines and boilers to produce electricity. Unfortunately, combustion of marine fuel causes air emissions which damage the environment, air quality, human health, and cultural heritage. Thus, cruise ports can be called "bad neighbors" in terms of air quality and human health [1] .
Because of increasing air pollution from ships worldwide, major actors (as International Maritime Organization (IMO), the European Union Council and the US government) in maritime sector have taken some measures through international conventions and national legislations to minimize and limit ship-based emissions. Therefore, ships have to use clean fuel or technology in order to continue marine trade. Many options for emission reduction target are offered to ship owners or port operators such as cleaner fuel, waterbased fuel treatment, or clean engine after combustion treatment while the ship is at berthing mode. Also one of the emission reduction alternatives for ships is using alternative maritime power (AMP), which means having electricity from the national grid in place of producing it by ship auxiliary engines.
Hence, AMP is a beneficial solution for cruise ports to considerably reduce shipcaused emissions. Ege Ports is one of the most important ports in Turkey for cruise tourism. Clean and beautiful sandbanks with many historical places in Kuşadası attract the tourists and this port has been preferred by the cruise ship operators. As a result, it was estimated that the amount of emissions (SO 2 , NO x , PM, CO, VOC, CO 2, N 2 O, CH 4 ) was roughly 13,000 tons from the 506 ships that visited Kuşadası port in 2015, [2] . We analyzed how effective this solution is to reduce ship-based emissions at this cruise port.
Literature Review
Chang and Wang (2012), who studied on Kaohsiung port, have deduced that if AMP were used instead of fuel at berth period, CO 2 and Particulate Matter (PM) emissions could be reduced by 57% and 39%, respectively [3] . Andria et al. (2013) found that using AMP could reduce ship-based emissions at berth 94% for NO x, 42% for CO 2 and 90% for PM emissions [4] .
Ballini (2013) calculated emissions amount for the Port of Copenhagen. The total SO 2, NO x, PM emissions from the 70 cruise vessels (308 calls) in the summer season of 2012 were approximately 9 tons, 408 tons, 4 tons respectively. If all the ships used AMP instead of MGO, the difference of emissions of SO 2 , NO x, PM and CO 2 release would be less than 65%, 98%, 90%, 34% respectively, and also the differences of external costs would be same rates [5] .
According to Zis et al. (2014) , the provision of AMP for ships at berth can lead to reductions of CO 2, SO 2 , NO x and BC emissions. The rate of reduction is 48-70%, 3-60%, 40-60%, and 57-70% respectively [6] . Yustiano (2014) analyzed the Port of Tanjung Perak. As a result, the total amount of emission from passenger vessels were 4,785 tons, which included 122.27 tons (NO x ), 37.83 tons (SO 2 ), 2.6 tons (PM10), 2.1 tons (PM 2.5), 9.7 tons (CO), 4,601 tons (CO 2) , 3.5 Ton (HC), 7 tons (VOC). The externality cost of the total amount of passenger ship emissions was $ 700,465 [7] .
The result of study of Tseng and Pilcher (2015) is that if the 60% of the total visiting ships at the Kaohsiung Port used the AMP, reduction of NO x and CO 2 emissions would be 428 ton/y, 25,391 ton/y respectively and reduction of NO x environmental cost 2,136,148 (US$/year), of CO 2 environmental cost 660,166 (US$/ year) [8] .
According to Environ Final Report (2015), the emissions reduction of HC, CO, NO x , PM and SO x are respectively about 76%,61%,80%,79% and 80% for the Port of San Francisco for cruise ships [9] .
Alternative Maritime Power
Ships can shut down the auxiliary engine at berths and use the required power from national grid to reduce air emissions for meeting EU and IMO sulphur limits. This technology is known as 'alternative maritime power', 'cold ironing', 'shore-side power', 'high-voltage shore connections (HVSC) [10] Figure 2. Alternative maritime power system [10] Figure 1 summarizes the benefits and effects of AMP to air quality, citizens' health, and clean environment.
AMP system consists of three basic components: 1. Shore-side electrical system and infrastructure; a land-based power source, substation, transmission system, conduits, shore-side electrical vault, connectors and other components supply electricity to ship at berth. 2. Cable management system; in which cables, reel and connectors carry shoreside electric power to the ship. 3. Ship-side electrical system; retrofit of onboard electrical system is required for existing ship while the required system can be added when new ships are built. The ship using AMP needs a socket, transformer and distribution system [12] .
ENTEC has summarized the abovementioned system comprehensively as seen Figure 2 ; According to Figure 2 , positions mean that; 1. The system needs a link to the national grid for carrying 20-100 kV power from a local substation. 2. Cables conduct the 6-20kV power that is converted in the substation to the port terminal. 3. Power is converted to 50 or 60 Hz which is required for ships 4. Electricity is distributed to the terminal. 5. The cable reel tower that is built on the berth with a cable reel, davit and frame can be used to prevent handling of high voltage cables. The davit and frame would be used to raise and lower the cables to the vessel by electromechanically powered and controlled.
6. The ship needs a socket for connecting cable. 7. The ship needs an onboard transformer for transforming the high voltage electricity to 400 V. 8. The electricity is then distributed around the ship, and the auxiliary engines are switched off [10] .
Material and Methods

Case Study and Data
Ege Ports is located in Aegean Sea, western Turkey and is also a substantial cruise port for both Turkey and East Mediterranean Region.
Cruise ship operators prefer to visit this port because of the city's location, historical importance and beautiful coast, especially in the summer season. [14, 15] . According to survey reports, especially American, British, Canadian, German, Spanish, French, Italian, Greek, South Korean and Dutch prefer to travel to this city [16] .
In this study, ships visited Ege Ports between April and September (summer season) in 2015 are analyzed as seen in Table 2 . The average number of ships arriving in the summer is 76% of the total number of ships. The data about ships information regarding berthing time and GT were taken from the website of Kuşadası District Governorship, other information about ships and passenger capacity were taken from the website of marinetraffic. com and from their operators' websites [17, 18] .
Estimation of Fuel Consumption
Simonsen (2014) calculated the amount of fuel consumption of cruise ships to produce electric energy at berth. This fuel consumption was measured from cruise ships which visited Skagwey berth in 2008 and proportioned the number of passenger on board. By this rate, Simonsen found 'k' constant that states diesel oil consumption per passenger per GT per hour [19] .
Formula;
(1) 
Estimation of Required Electric Energy
After the calculation of fuel consumption by means of above formulas, required electric energy can be estimated with the assumption of ENTEC. Specific Fuel Consumption of Auxiliary Engine (SFC AE ); [10] MCR AE > 800 kW → 220 g/kWh MCR AE <800 kW → 230 g/kWh Cruise ships' auxiliary engine power is more than 800 kW in general so it is assumed that; 220 g MGO = 1 kWh (3)
Estimation of Emission Amount
The emission factor varies by fuel type, ship type, engine type and phase of cruising, maneuvering and berthing. According to EU Directive 2005/33/EC, the ships that approach to EU ports are required to use only marine fuel with a sulphur content not exceeding 0.1% by mass. This provision entered into force on 1 January 2010 with some exemptions in which the 0.1% sulphur cap if ships are berthed less than two hours. Therefore, as the emission factors, as shown in Table 3 , emission factors of MGO fuel by 0.1% sulphur were used in this study. Table 3 presents average values of selected emission factors which also acquired from four different studies [20] .
These emission factors in Table 4 were calculated by using data from Table 5-6. Table 5 indicates emission factors (g/kWh) that are caused by fuel type which are used for generating electricity by Argonne National Laboratory in 2012 for the US Department of Energy. 73,146.8 MW total installed power was produced in Turkey in 2015 by fuel type of which the rates are shown in Table 6 . According to the rate of fuel type in 2015 and emission factors of these fuel types, average emission factors for 2015 were calculated as shown in Table  4 .
Estimation of External Cost of Ship Emission
Emission effects are causing expenditure to countries affected by ship emissions. "A New Environmental Accounting Framework Using Externality Data and Input -Output Tools for Policy Analysis" (EXIOPOL) that was built up by European Union (EU) aims to define theoretical-mathematical concepts of linking environmental extensions (EE) to the framework Supply-and Use- Tables  (SUT) for 43 countries (including Turkey) [23] . Table 7 shows that external cost of human health, ecosystem quality and climate change external for transport for Turkey.
Calculated emission from MGO and electricity obtained by above formulas will be used to estimate external cost for Turkey by the help of data of EXIOPOL project as shown in Table 7 
Result and Discussion
The total amount of MGO consumed by all cruise ships approached Ege Ports in 2015 was calculated 3,076.642 tons with formula 1 and 2, summarized in Table 8 [2]. Assuming that auxiliary engine of cruise ships was bigger than the 800 kW, the fuel consumption has converted to 13,984,738.11 kWh by using equation 3, and that figure shows required electric energy amount. In addition, emission amounts caused by producing this electric energy were calculated in Table 8 , and the emission reduction rates were calculated according to MGO (0.1%).
The ship emission reduction potential of AMP technology is clearly visible in Table 8 and Figure 3 . It is seen that total air pollutant is reduced by 94% by decreasing SO 2 23%, NO x 97%, PM 88%, CO 99%, VOC 64%. On the other hand, it is estimated that total greenhouse gas decreased by 41% by decreasing by CO 2 41%, N 2 O 85% and CH 4 81%. Finally, total emission reduction is about 43%. Figure 3 shows that emission amount of MGO and AMP, and clearly seen that using AMP is better than MGO. The external cost on human health, ecosystem quality and climate change in Table 9 is calculated by multiplying data in Table 7 and by using MGO emission amount and total required electric energy amount as above. AMP also reduces PM and NO x emission remarkably and also affect human health positively.
As it is known well, NO x gases damage ecosystem quality too. The effect of AMP on NOx emissions of berthed ships is to stop negative impacts on ecosystem quality by resetting a great amount of NOx emissions. In addition to NO x , CO 2 also affects climate change considerably and AMP even reduces this emission about 40% and its bad impact on climate change. In conclusion; external Figure 4 summarizes that external costs of MGO and AMP for climate change, ecosystem quality and human health. The difference is so high on ecosystem quality and human health. Table 10 shows that emission reduction rates between different ports through the world if the vessel uses the alternative maritime power at berth instead of MGO. One of the important issue is that electric power is produced from different sources. If the electric power is obtained from a cleaner source, the emission reduction rate will be higher. 
Conclusion
Limitations on the amount of emissions have encouraged port operators as well as shipowners should find solutions. After the implementation of the max 0.1% S restriction implemented at the ports after 2012, all ships are required to pass to clean fuel or alternative emission abatement technology when they arrive ports. The only alternative technology for port operators is seen as AMP. Innovative pursuits in the increasing competitive environment of the port industry have led some ports to use AMP. If the vessels arriving at these ports are not equipped with the suitable technologies or having fuel of unsuitable contents or the price of clean fuel is more expensive than the electricity, the port offers this service option to customer.
Since cruise ships consume high volume of MGO to meet to necessary energy power while at ports, such ports hosting cruise ships have a serious negative impact on the quality of the country because of released emissions in their area, and they are known as bad neighbour. Use of cleaner fuels or technologies in such ports may in some cases lead to more costs for the shipowner, but will be indisputable method for human health and a cleaner environment in the future. When looking at the results for the Ege Ports, it is clear that there can be a significant decrease in emission reduction with AMP technology, these numbers can be further reduced compared to the source of electrical energy. If electricity is produced with cleaner sources, it is now possible to define eco-friendly ports for ships.
Moreover, the decline in the amount of these emissions is also beneficial to the environment, human health and ecosystem quality according to externality cost calculation and also proves to be beneficial to the country in terms of the economic outcome. Finally, AMP's most important difference from other alternative technologies and fuels is to reduce noise. It is especially very important for the touristic cities that have dense population.
Result of this study may guide to future studies on the installiton and running cost of AMP technology and how ship owners can decide to select a suitable alternative technology for their ships. 
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